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(57) ABSTRACT

The disclosure provides a balanced-current circuit structure
and a parameter design method for a bifilar winding coil of
wireless power transier. The disclosure relates to the tech-
nical field of magnetic coupling wireless power transfer. The
circuit 1ncludes a bifilar winding coil, a compensation
capacitor array and a controlled voltage source array. The
bifilar winding coil includes a first coil and a second coil, the
compensation capacitor array includes a first compensation
capacitor and a second compensation capacitor, and the
controlled voltage source array includes a first controlled
voltage source and a second controlled voltage source.
Compared with the existing centralized series compensation
scheme, the scheme proposed by the disclosure can realize
the currents in two windings of the bifilar winding coil being
basically the same, so as to eliminate the current imbalance
problem existing in the traditional compensation mode,
thereby fully exerting the current-carrying capacity of the
bifilar winding coil, and improving the practicability of the
bifilar winding coil 1n practical applications.

3 Claims, 3 Drawing Sheets
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Measure self-inductance of the first coil and the second coil respectively,
wherein L1 and L2 represent the self-inductance of the first coil and the
second cotl, respectively

Measure mutual inductance between the first coil and the second coil n
the bifilar winding coil, wherein M 12 represents the mutual inductance
between the first coil and the second coil

Configure compensation capacitors in a compensation capacitor array to
the two coils 1n the bifilar winding coil, respectively, and when a working
frequency s m, determining capacitance of a first compensation capacitor

and a second compensation capacitor by the following formulas,
respectively: Cl=1/(0"2*(L1+M12)), C2=1/(0"2*(L2+M12)), wherein

C1 and C2 represent the capacitance of the first compensation capacitor

and the second compensation capacitor, respectively.

Fig. 6
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BALANCED-CURRENT CIRCUIT
STRUCTURE AND PARAMETER DESIGN
METHOD FOR BIFILAR WINDING COIL OF
WIRELESS POWER TRANSFER

TECHNICAL FIELD

The disclosure relates to the technical field of magnetic
coupling wireless power transier, and provides a balanced-
current circuit structure and a parameter design method for
a bifilar winding coil of wireless power transier.

BACKGROUND

In a wireless power transier system, 1n order to improve
the current-carrying capacity of the coil without significantly
changing the shape of a coupling coil, researchers have
proposed a multiple-winding scheme. Each winding in the
multiple-winding coil can be regarded as an independent
coil, and there 1s strong coupling between multiple coils.
Since 1t 1s impossible to achieve the same coil parameters for
cach winding 1n practical winding, 1n practical applications,
there 1s a problem of unbalanced current in each winding in
the multiple-winding coil, which causes that the advantage
of the improved current-carrying capacity of multiple wind-
ings of coils can not be fully exerted.

SUMMARY

In order to realize the current balance in each winding in
a bifilar winding coil, based on the i1dea of each winding
independent compensation, the disclosure optimizes com-
pensation capacitors to realize the approximate balance of
the currents in the two windings by analyzing the influence
of the compensation capacitors on the current balance. The
disclosure provides a balanced-current circuit structure and
a parameter design method for a bifilar winding coil of
wireless power transier. The disclosure provides the follow-
ing technical scheme:

A balanced-current circuit for a bifilar winding coil of
wireless power transfer includes a bifilar winding coil, a
compensation capacitor array and a controlled voltage
source array, wherein

the bifilar winding coil includes a first coil and a second
coil, the compensation capacitor array includes a first com-
pensation capacitor and a second compensation capacitor,
and the controlled voltage source array includes a first
controlled voltage source and a second controlled voltage
SQurce;

one end of the first coil 1s connected with one end of the
first compensation capacitor, and the other end of the first
compensation capacitor 1s connected with one end of the
first controlled voltage source; and one end of the second
coil 1s connected with one end of the second compensation
capacitor, and the other end of the second compensation
capacitor 1s connected with one end of the second controlled
voltage source.

Preferably, the other ends of the first coil and the second
coil are both connected with one end of a load resistor or a
voltage source, and the other ends of the first controlled
voltage source and the second controlled voltage source are
both connected with the other end of the load resistor or the
voltage source.

A parameter design method for a balanced-current circuit
for a bifilar winding coil of wireless power transier includes
the following steps:
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step 1: measuring self-inductance of a first coil and a
second coil respectively, wherein L, and L, represent the
self-inductance of the first coil and the second coil respec-
tively;

step 2: measuring mutual inductance between the two
coils 1n the bifilar winding coil, wherein M, , represents the
mutual inductance between the first coil and the second coil;
and

step 3: configuring compensation capacitors in a compen-
sation capacitor array to the two coils 1n the bifilar winding
coil respectively, and when the working frequency i1s w,
determining the capacitance of a first compensation capaci-
tor and a second compensation capacitor respectively by the
following formulas:

C=1/(w 2% (L +M5)),

Co=1/( 2% (Ly£M5)),

wherein C,; and C, represent the capacitance of the first
compensation capacitor and the second compensation
capacitor respectively.

The disclosure has the following beneficial etfects:

Compared with the existing centralized series compensa-
tion scheme, the scheme proposed by the disclosure can
realize the currents 1n two windings of the bifilar winding
coil being basically the same, so as to eliminate the current
imbalance problem existing in the traditional compensation
mode, thereby fully exerting the current-carrying capacity of
the bifilar winding coil, and improving the practicability of
the bifilar winding coil 1n practical applications.

BRIEF DESCRIPTION OF FIGURES

FIG. 1 1s a structural diagram of a balanced-current circuit
structure for a bifilar winding coil of wireless power transfer
realized by independent series compensation.

FIG. 2 1s a structural diagram of a compensation circuit of
a bifilar winding coil adopting traditional centralized series
compensation.

FIG. 3 1s a schematic diagram of a square bifilar winding,
coil.

FIG. 4 shows an equivalent circuit of a receiver with a
bifilar winding receiving coil and an independent series
compensation structure.

FIG. 5 shows an equivalent circuit of a transmitter with a
bifilar winding transmitting coil and an independent series
compensation structure.

FIG. 6 shows a flowchart for a method according to an
embodiment.

DETAILED DESCRIPTION

The disclosure will be described in detail below with
reference to specific embodiments.

Specific embodiment 1:

As shown 1n FIG. 1 to FIG. §, the disclosure provides a
balanced-current circuit structure and a parameter design
method for a bifilar winding coil of wireless power transier.

Specifically, a balanced-current circuit for a bifilar wind-
ing coil of wireless power transier includes a bifilar winding
coll 1, a compensation capacitor array and a controlled
voltage source array.

The bifilar winding coil 1 includes a first coil 11 and a
second coil 12. The compensation capacitor array includes a
first compensation capacitor 21 and a second compensation
capacitor 22. The controlled voltage source array includes a
first controlled voltage source and a second controlled
voltage source.
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One end of the first coil 11 1s connected with one end of
the first compensation capacitor 21. The other end of the first
compensation capacitor 21 1s connected with one end of the
first controlled voltage source. One end of the second coil 12
1s connected with one end of the second compensation
capacitor 22. The other end of the second compensation
capacitor 22 1s connected with one end of the second
controlled voltage source.

The other ends of the first coil 11 and the second coil 12
are both connected with one end of a load resistor or a
voltage source. The other ends of the first controlled voltage
source and the second controlled voltage source are both
connected with the other end of the load resistor or the
voltage source.

A parameter design method for a balanced-current circuit
for a bifilar winding coil of wireless power transier includes
the following steps:

step 1: measuring self-inductance of a first coil and a
second coil respectively, wherein L, and L, represent the
self-inductance of the first coil and the second coil respec-
tively;

step 2: measuring mutual imnductance between the two
coils 1n the bifilar winding coil, wherein M, , represents the
mutual inductance between the first coil and the second coail;
and

step 3: configuring compensation capacitors 1 a compen-
sation capacitor array to the two coils in the bifilar winding
coil respectively, and when the working frequency 1s co,
determining the capacitance of a first compensation capaci-
tor and a second compensation capacitor respectively by the
following formulas:

C=1/(w 2% +M,5)),

Co=1/(0 2% (Lo+M5)),

wherein C, and C, represent the capacitance of the first
compensation capacitor and the second compensation
capacitor respectively.

The disclosure can realize approximately equal currents
ol the corresponding coils of each winding, and the system
works 1n a resonant state.

When the bifilar winding coil 1s used for a wireless power
receiver, assuming that the resistance rating of an alternating
current equivalent load 4 1s R_ and the induced voltages of
two single-winding coils are respectively U_;, and U _,, under
the practical application condition that wL/R_ (1=1,2) 1s
significantly greater than 1 and the difference between U,
and U _, 1s not too large, the current of each winding of coil
may be calculated to be approximately equal to (U_,+U_,)/
4R .

When the bifilar winding coil 1s used for a wireless power
transmitter, the analysis process 1s similar to that of the
receiver, and assuming that the resistance rating of an input
equivalent load 1s R, and the reverse induced voltage of a
receiving coil on two single-winding transmitting coils 1s
U,, and U, respectively, under the practical application
condition that oL /R_(1=1, 2) 1s significantly greater than 1
and the difference between U, and U, 1s not too large, the
current of each winding of coil can be calculated to be
approximately equal to (U +U_,)/4R .

Compared with the existing centralized series compensa-
tion scheme (as shown 1n FIG. 2), the scheme proposed by
the disclosure can realize basically the same currents in two
windings of the bifilar winding coil, so as to eliminate the
current 1mbalance problem existing 1n the traditional com-

pensation mode.
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FIG. 3 shows a bifilar winding coil with a typical square
structure. By using a bifilar winding mode to wind coils, a
wire with a small current-carrying capacity can be used to
wind a coil with a large current-carrying capacity. Further-
more, compared with a cross-winding mode for improving
the current balance by Litz wires, the bifilar winding mode
1s more conducive to the tlat design of the coil, but causes
the problem of current imbalance.

FIG. 4 shows an equivalent circuit of a receiver with a
bifilar winding receiving coil and an independent series
compensation structure. When C,=1/(w 2*(L,+M,,)) and
C=1/(w2*(L,+M,,)), assuming that the resistance rating
of the alternating current equivalent load 4 1s R_ and the
induced voltages of the two single-winding coils are respec-
tively U_, and U_,, according to the Kirchhoft Voltage Law
U =9oM,, (L-1)+(1 +1L)R; and Ug,=joM,, (1,-1)+(1;+

I,)R ., the current of the first coil 11 can be calculated as:

_ JWUsi =Us2) + (Ust + U2)M 1200 [ Rs

{ :
l 4M12&J

and the current of the second coil 12 can be calculated as:

o IWa —U) + (U + Us2)M120 [ R;
27 4M120’J .

Since the coils corresponding to two parallel-wound
windings are closely coupled, the mutual inductance M, ,
and the self-inductance of the single-winding coil are of the
same order of magnitude, so M, /R 1s significantly greater
than 1. Although the induced voltages of the two single-
winding coils have a difference, the diflerence i1s not too
large, so

Usl + USZ
4R,

b

lﬁ..-

In the same way,

Usl + USZ

so I,=~[,, and current balance can be realized.

FIG. 5 shows an equivalent circuit of a transmitter with a
bifilar winding transmitting coil. A voltage source S can be
regarded as a negative resistor, which has the same proper-
ties as when FIG. 5 1s used for the recerver. When C,=1/
(0w 2*(L,+M,,)) and C,=1/(w 2*(L,.+M,,)), assuming that
the resistance rating of the mput equivalent load is R, and
the imnduced voltages of the two single-winding coils are
respectively U, and U ,, the current of the first coil 11 can
be calculated as:

- JWUpt = Up2) = (Upt + Upp )M 120 [ R
B 4M12{U ’

Iy
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and the current of the second coil 12 can be calculated as:

_ _Jf(Upl

! —Up) = (Upy + Upp)Mpw [ R,
2 —_ .

4M12£U

For the current of the first coil 11, since the coils corre-

sponding to two parallel-wound windings are closely
coupled, the mutual inductance M, , and the selt-inductance
of the single-winding coil are of the same order of magni-
tude, so M,,w/R 1s significantly greater than 1. Although
the reverse induced voltages of the receiving coil on two
single-winding transmitting coils have a diflerence, the
difference 1s not too large, so the imaginary part in the
current expression 1s approximately equal to 0, that 1s,

Upl + Upz
4R '

11::—
p

In the same way,

Upl + Upz

b~ — ,
: 4R,

so I,=~I,, and current balance can be realized.

The analysis processes of the above examples can be
turther extended to n-winding parallel-wound coils to
achieve current balance analysis in wireless power trans-
mitter or receiver applications.

The above descriptions are only preferred implementation
manners of the balanced-current circuit structure and a
parameter design method for a bifilar winding coil of
wireless power transier. The protection scope of the bafilar
winding wireless power transfer coil circuit structure with
balanced current between windings and the parameter
design method 1s not limited to the above examples. All
technical schemes based on this 1dea belong to the protection
scope of the disclosure. It should be noted that those skilled
in the art can make several improvements and changes

without departing from the principle of the disclosure, and
these improvements and changes should also be regarded as

the protection scope of the disclosure.
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What 1s claimed 1s:

1. A balanced-current circuit for a bifilar winding coil of
wireless power transier, comprising a bifilar winding coail,
and a compensation capacitor array,

wherein the bifilar winding coil comprises a first coil and

a second coil, and the compensation capacitor array
comprises a first compensation capacitor and a second
compensation capacitor;

one end of the first coil 1s connected with one end of the

first compensation capacitor;

one end of the second coil 1s connected with one end of

the second compensation capacitor;

the other end of the first coil 1s connected with the other

end of the second coil; and

the other end of the first compensation capacitor 1s

connected with the other end of the second compensa-
tion capacitor.

2. The balanced-current circuit of claim 1, wherein the
other ends of the first coil and the second coil are both
connected with one end of a load resistor or a third voltage
source, and the other ends of the first compensation capaci-
tor and the second compensation capacitor are both con-
nected with the other end of the load resistor or the third
voltage source.

3. A method of using the balanced-current circuit of claim
1, comprising the following steps:

step 1: measuring self-inductance of the first coil and the

second coil respectively, wherein L, and L, represent
the self-inductance of the first coil and the second coil,
respectively;

step 2: measuring mutual inductance between the first coil

and the second coil 1n the bifilar winding coil, wherein
M, , represents the mutual inductance between the first
coil and the second coil; and

step 3: configuring compensation capacitors 1n a compen-

sation capacitor array to the two coils 1n the bifilar
winding coil, respectively, and when a working 1fre-
quency 1s co, determining capacitance of a first com-
pensation capacitor and a second compensation capaci-

tor by the following formulas, respectively:
Ci=U(w2%(L,+M,>)),
Co=U(w 2%(L+M)5)),

wherein C, and C, represent the capacitance of the first
compensation capacitor and the second compensation
capacitor, respectively.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

